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Abstract
Objective The study aimed to investigate the impact of the peak E2 level during controlled ovarian hyperstimulation (COS) on
the cumulative live birth rate (cLBR) in non-PCOS women with normal ovarian reserve.
Materials and methods Women between 20 and 39 years were included. Donor cycles and patients who never experienced
embryo transfer were excluded. Multivariable regression and smooth curve fitting were applied for statistical analysis.
Results A total of 1141 patients were included. The mean age, basal AFC, peak E2 level, and number of retrieved oocyte were
30.0 ± 3.7 years old, 16.8 ± 6.7, 3911.0 ± 1302.9 pg/ml, and 13.6 ± 5.5, respectively. In the overall population of the cohort,
cLBR, miscarriage rate, and preterm birth rate were 66.9%, 7.4%, and 13.7%, respectively. The results of multivariable regres-
sion analysis failed to show the impact of peak E2 on the cLBR [OR (95%CI) 0.995 (0.982, 1.009), P = 0.486]. However, the
result of smooth curve fitting indicated that when the peak E2 was lower than 2185 pg/ml, the cLBR increased about 12% with
100 pg/ml increasing of the peak E2. When the peak E2 was higher than 6136 pg/ml, the cLBR decreased about 10% with
100 pg/ml increasing of the peak E2.
Conclusion We concluded that the peak E2 level on hCG trigger day is associated with the cLBR in a segmental pattern. There
should be an appropriate range of the peak E2 level during COS to achieve a relative best cLBR in non-PCOS patients using
stimulating protocol mainly based on GnRH agonist; however, the cutoff value must vary in different centers.
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Introduction

Along with the worsened living environment and the advanced
maternal age, the incidence of infertility has immensely increased
in recent years. Since the first IVF baby Louis Brown was born

inBritain 40 years ago, the technology of in vitro fertilization and
embryo transfer (IVF-ET) has become the most effective treat-
ment for infertility and has been widely used worldwide [1]. It is
acknowledged that the success rate of IVF has been greatly im-
proved during the last four decades. However, the outcomes of
many patients remain unsatisfying probably because of some
intrinsic limitations of this technology [2].

IVF is a multiple step process starting from ovarian stimula-
tion with gonadotropins, followed by oocyte retrieval under
sedation with subsequent fertilization in the laboratory, and cul-
ture of embryos prior to embryo transfer into the uterus. The
controlled ovarian hyperstimulation (COH) is the first step
aiming to induce maturation of multiple oocytes, and hence
maximizing the chance of achieving a successful pregnancy.
An obvious side effect of COH is that it puts patients, oocytes,
and even embryos under a supraphysiologic estradiol (E2)
environment.

Previous studies investigating the impact of the
supraphysiologic E2 on the clinical outcomes mostly reported
the clinical pregnancy rate rather than live birth rate as the main
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outcome measurement. Imudia et al. [3] retrospectively com-
pared clinical outcomes, including clinical pregnancy rate, mis-
carriage rate, ectopic pregnancy rate, and so on, between pa-
tients with serum peak E2 below 90th percentile and those with
peak E2 above 90th percentile. Nevertheless, the difference
between the two groups was not statistically significant.
Statistical significance was neither observed using multivari-
able logistic regression analysis. Other previous investigators
also failed to draw a consistent conclusion regarding to the
relationship between supraphysiologic E2 during COS and
clinical outcomes of IVF. Early studies with a small sample size
showed a tendency that high peak E2 level was associated with
higher number of oocytes, higher number of transferrable em-
bryos, adequate endometrial thickness, and finally patients’
clinical outcomes [4–7]. Kara et al. retrospectively analyzed
the relationship between the peak E2 and the clinical outcomes
in 203 patients undergoing IVF/ICSI treatment. The result sug-
gested that the number of oocytes and the clinical pregnancy
rate in patients with peak E2 higher than 4000 pg/ml were
higher than in patients with peak E2 lower than 4000 pg/ml
[4]. However, recent large studies showed the unfavorable im-
pact of extremely high peak E2 on the clinical pregnancy rate.
For example, Bu et al. [8] enrolled 7112 cases in a retrospective
study to investigate the association between the ratio of the peak
E2 to the number of oocytes (E2/O) and the clinical pregnancy
rate, and the results suggested that the lowest clinical pregnancy
rate was found in the highest E2/O ratio group. They further
compared the peak E2 level in the highest 10% E2/O ratio
group with that in the rest of the population and found that
the peak E2 level was significantly higher, while the clinical
pregnancy rate significantly lower in the highest 10% E2/O
ratio group than that in the control group (6711.85 pg/ml vs
4670.89 pg/ml, P = 0.000; 39.27% vs 45.67%, P = 0.001).

Standing in patients’ shoes, clinical pregnancy is not the
ultimate goal for patients who seek for infertility treatment.
They care more about the chance of taking a live baby home.
Moreover, in consideration of economic burden, patient com-
pliance, OHSS, and oocyte retrieval operation-related compli-
cations, the purpose of COS is to obtain multiple mature oo-
cytes to maximize the opportunity of achieving a successful
pregnancy in one stimulation cycle. Therefore, we prefer to
choose the cumulative live birth rate (cLBR) as the better out-
come measure with more practical significance. Unfortunately,
few studies set the cLBR as the primary outcome when inves-
tigating the relationship between the peak E2 level and the
clinical outcomes of IVF. Only one small study with 71 high
ovarian responders reported by Steward et al. [9] suggested that
the live birth rate was significantly reduced in the group with
the peak E2 level higher than 5000 pg/ml than in the group with
the peak E2 level lower than 5000 pg/ml (OR = 0.095with 95%
CI 0.01–0.90,P = 0.041). Due to the very small sample size of a
carefully selected population, the power of the statistical anal-
ysis and the extrapolation was severely weakened.

The objective of the present study was to investigate the
impact of the peak E2 level during COH on the cLBR, as
well as the miscarriage rate and the preterm delivery rate in
non-PCOS population with normal ovarian reserve. Some
related perinatal complications were also simply described
in this study.

Materials and methods

Patients coming to our center for infertility treatment from
Jan 1, 2016, to Dec 31, 2016, were screened for the inclusion
and exclusion. Women aged 20–39 years old were with nor-
mal ovarian reserve [defined as the basal antral follicular count
(AFC) > 7] [10] and without diagnosis of polycystic ovary
syndrome (PCOS) according to Rotterdam diagnostic criteria
for PCOS [11]. Donor cycles and patients who had previous
IVF treatment(s) and who did not receive embryo transfer
were excluded from the cohort.

Baseline demographic parameters included female age
(years), body mass index (BMI) (kg/m2), duration of infertil-
ity, and infertility diagnosis. Baseline IVF characteristics re-
corded were basal follicular plasma follicle-stimulating hor-
mone (FSH) level (IU/L), basal E2 level (pg/ml), and AFC, all
of which were measured on menstrual cycle day 2 or day 3.
Ovarian stimulation parameters documented for all patients
included ovarian stimulation regimens, duration of ovarian
stimulation (days), total dose of gonadotropins (IU), follicular
count on hCG day (≥ 14 mm), peak E2 level (pg/ml) on the
day of hCG trigger, and mean number of oocytes retrieved.
Embryo variables included fertilization method, development
stage of transferred embryos, and mean number of embryos
transferred. The main outcome measurement was cLBR. The
secondary outcome measurements were miscarriage rate and
preterm birth weight. Data on low birth weight (LBW),
macrosomia, congenital malformation, perinatal death, ectop-
ic pregnancy, heterotopic pregnancy, moderate to severe ovar-
ian hyperstimulation syndrome (OHSS), and gestational hy-
pertension were also briefly described. All parameters of base-
line characteristics and ovarian stimulation, as well and as all
embryos transferred in FET cycles, were from the first stimu-
lation cycle.

For the GnRH-agonist (GnRHa) protocol, GnRHa 0.1 mg
by subcutaneous injection was administered daily in the mid-
luteal phase of the menstrual cycle, lasting for 10–14 days
until the pituitary down-regulation was confirmed, then the
ovarian stimulation with gonadotropin (Gn) commenced.
For the GnRH-antagonist protocol, ovarian stimulation began
on the second day of the cycle and the antagonist was admin-
istered as soon as the leading follicle reached a diameter of ≥
14 mm on average, and the administration continued until the
day of hCG administration. For the prolonged protocol,
3.75 mg long-acting GnRHa was administered on day 2 of
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the menstrual cycle, 28 days later, the second 3.75 mg long-
acting GnRHa was administered. Trans-vaginal ultrasound
was performed and serum basal FSH, LH, and E2 tested on
the 14–20th day after the second long-acting GnRHa injection
for down-regulation confirmation. Ovarian stimulation with
Gn commenced when the down-regulation was confirmed.
Vitrification was used for the embryo cryopreservation in this
cohort.

Embryo assessment, including cleavage-stage embryo as-
sessment and blastocyst assessment, was performed based on
the recommendation of Istanbul consensus workshop on em-
bryo assessment [12].

Categorical variables were expressed as number of cases
(n) with percentage (%), and continuous variables were
expressed as mean ± SD. The Shapiro–Wilk normality test
was used to check for normality in addition to visual inspec-
tion of the distributions. For the purpose of the study, E2 levels
on the day of hCG trigger were taken into account.
Univariable linear regression analysis was used to assess the
association between the outcomes and any of the following
variables: female age, BMI, basal AFC, basal FSH, basal E2,
duration of infertility, infertility diagnosis, ovarian stimulation
protocol, total Gn dose, peak E2 level on hCG trigger day,
follicular count on hCG trigger day (≥ 14 mm), mean number
of oocytes retrieved, method of fertilization, development
stage of transferred embryos, and fresh or frozen embryo
transfer. Stratification analysis was performed and each strat-
ification was adjusted for all abovementioned factors except
the stratification factor itself. Interactions between the stratifi-
cation factors and the exposure factors were also tested. All
parameters in the univariable regression analysis, except the
peak E2 level on hCG trigger day, were adjusted in the adjust-
ed multivariable model I, and the general additive model was
applied as the adjusted multivariable model II, in which all
categorical variables were adjusted and the continuous vari-
ables inModel I were adjusted by curve fitting. P for trend was
used to demonstrate whether the trend of cLBR, miscarriage
rate, and preterm delivery rate with E2 was statistically signif-
icant. Unadjusted and adjusted odds ratios (ORs) with 95%
confident intervals (CIs) were calculated from the correspond-
ing models. Smooth curve of cLBR to the peak E2 was fitted,
and the cutoff values of peak E2 for its effect on cLBR were
calculated. To increase statistical power, the OR value repre-
sented the change of the rate for each main outcome measure-
ment per 100 pg/ml increase of the peak E2 level in the present
study. Statistical significance was reached at P < 0.05, and all
statistical analyses were performed using statistical software
packages R (http://www.R-project.org, The R Foundation)
and EmpowrStats software (http://www.mpowerstats.com,
X&Y Solution, Inc., Boston, MA).

The institutional review board at the Fourth Military
Medical University, Tangdu Hospital, reviewed and approved
this study protocol.

Results

Characteristics of the studied population

A total of 5963 patients underwent the ovarian stimulation and
oocyte retrieval during the study period. Of these, 4882
(81.9%) patients were excluded due to any of the following
reasons: older than 39 years old (723 patients, 12.1%), not the
first stimulation cycle (891 patients, 14.9%), no embryo trans-
ferred by the time of data collection (2488 patients, 47.1%),
PCOS patients (584 patients, 9.8%), impaired ovarian reserve
(171 patients, 2.9%), and incomplete records (25 patients,
0.4%). The remaining 1141 patients met the eligibility criteria.
Overall demographics including baseline infertility character-
istics, ovarian stimulation parameters, embryo parameters,
and perinatal outcomes of the studied cohort are displayed in
Table 1. Briefly, the mean female age was 30.0 ± 3.7 years,
and the mean BMI was 22.1 ± 2.8 kg/m2. These patients with
a mean basal AFC of 16.8 ± 6.7 underwent ovarian stimula-
tion with GnRH-agonist-based protocols in 93.9%
(1071/1141) of cycles, with a mean stimulation duration of
11.3 ± 2.1 days, and required a mean Gn dosage of 1953.4 ±
898.9 IU. The mean E2 level on hCG trigger day was 3911.0
± 1302.9 pg/ml. The mean number of oocytes retrieved was
13.6 ± 5.5. Among all embryos, 72.8%were from convention-
al IVF, 21.1% from ICSI, and the remaining 6.1% from IVF +
ICSI (half-half and IVF plus rescued ICSI). Nine hundred and
ninety-one (991, 88.2%) patients received cleavage stage em-
bryo transfer; 124 (11.0%) patients received single blastocyst
transfer and the remaining 9 (0.8%) patients received a
cleavage-stage embryo plus a blastocyst transfer. In 16 cases,
the information of the development stage of the transferred
embryos was not available. The cLBR of this cohort was
66.9%, and the miscarriage rate and the preterm delivery rate
were 7.4% and 13.7%, respectively. Other perinatal complica-
tions are listed in Table 1. The patients were equally divided
into three groups based on the peak E2 level from low to high,
and the demographic parameters within each group were also
calculated and compared. Notably, the incidence of
macrosomia in the highest peak E2 level group was signifi-
cantly lower than in the lowest peak E2 level group (4.2% vs
9.1%, P = 0.036). The result was consistent with our previous
study findings, showing that the peak E2 level was negatively
associated with the birth weight.

Outcomes of univariable analysis

The outcome of univariable analysis did not show any signif-
icant impact of peak E2 level on the cLBR [OR (95%CI) 1.00
(0.99, 1.01), P = 0.822] or on the miscarriage rate or the pre-
term delivery rate. The results suggested the cLBR decreased
with the increasing BMI [OR (95%CI) 1.58 (1.02, 2.43), P =
0.039]. Patients with male infertility factor only had better
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cLBR when compared with patients with tubal factor [OR
(95%CI) 1.53 (1.11, 2.11), P = 0.009]. ICSI significantly in-
creased the cLBR as compared with the conventional IVF
[OR (95%CI) 0.55(0.33, 0.89), P = 0.015]. Embryo quality
of transferred embryos had a positive impact on the cLBR,
and interestingly, single blastocyst transfer resulted in signif-
icantly lower cLBR [OR (95%CI) 0.55(0.33, 0.89),P = 0.015]
but twice higher miscarriage rate in the univariable analysis
[OR (95%CI) 2.32 (1.04, 5.19), P = 0.040] (Table 2).

Outcomes of multivariable analysis

Taking all confounding factors into account [female age, BMI,
infertility duration infertility factors, basal FSH, basal E2, fol-
licular count on hCG day (≥ 14 mm), total Gn dose, stimula-
tion regimen, method of fertilization, basal AFC, development
of transferred embryos, and fresh or frozen embryo transfer],
the results of multivariable regression analysis failed to show
any impact of peak E2 level on the cLBR [OR (95%CI) 0.995
(0.982, 1.009), P = 0.486], miscarriage rate [OR (95%CI)
0.996 (0.973, 1.020), P = 0.740], or preterm delivery rate
[OR (95%CI) 1.014 (0.997, 1.033), P = 0.114] in the general
population of the studied cohort (Table 3).

However, the smooth curve fitting results demonstrated a
clear positive association between cLBR and the peak E2 level
in the first segment of the curve, followed by a plateau, and a
negative trend afterwards (Fig. 1). The quantitative analysis
suggested that when peak E2 level was lower than 2185 pg/
ml, the cLBR increased by about 12% with every 100 pg/ml
increase of the peak E2 level, and the trend was statistically
significant. When the peak E2 level was between 2185 and
6136 pg/ml, the cLBR only slightly decreased (0.4%).
However, with the peak E2 level that was higher than
6136 pg/ml, the cLBR decreased more remarkably (10%),
but the effect value was not statistically significant, probably
because of the relative small sample size in the extremely high
peak E2 level group.

Outcomes of stratification and interaction analyses

The impact of peak E2 level on the outcomes of IVF/ICSI was
further analyzed with multivariable regression model in sev-
eral subgroups. The results suggested that the peak E2 level
did not impact the cLBR, the miscarriage rate, or the preterm
delivery rate in most subgroups (Table 4). Interactions be-
tween the stratification factors and the peak E2 level were
tested, and results showed that majority of the stratification
factors failed to have the interaction effect with the peak E2
level on outcomes of cLBR, the miscarriage rate, and the
preterm delivery rate. Interestingly, the result implicated that
the effect of peak E2 level on the cLBR was different between
subgroups of different infertility diagnosis, as well as between
subgroups of different follicular count on hCG trigger day. In

the subgroup of unexplained infertility diagnosis, the cLBR
was negatively associated with the peak E2 level; specifically,
the cLBR decreased by nearly 15% with every 100 pg/ml
increase of the peak E2 level [OR (95%CI) 0.866 (0.774,
0.968), P = 0.011]. In patients with high follicular count on
hCG trigger day (the mean number of follicular count on
trigger day was 14.93 ± 2.0), the cLBR was also negatively
associated with the peak E2 level. Although the effect value
was much smaller, the P value showed significance [OR
(95%CI) 0.966 (0.944, 0.989), P = 0.004]. The effect of peak
E2 level on the preterm delivery rate was also different in
subgroups of different embryo transfer strategies based on
the quality of embryos. The preterm delivery rate in the sub-
group receiving transfer of mixed quality embryos significant-
ly increased with the increasing of the peak E2 level, but the
effect value was also small [OR (95%CI) 1.044 (1.010,
1.080), P = 0.012].

Discussion

This retrospective cohort study analyzed 1141 non-PCOS in-
fertile women who underwent the first stimulation cycle. In
the present cohort, the mean level of peak E2 and the mean
cLBR were 3911.02 ± 1302.93 pg/ml and 66.9%, respective-
ly. When taking into account the confounding factors includ-
ing female age, BMI, infertility duration, infertility factors,
basal FSH, basal E2, follicular count on hCG trigger day (≥
14 mm), total dose of Gn, stimulation regimen, method of
fertilization, basal AFC, development stage of transferred em-
bryos, and fresh or frozen embryo transfer, the results of mul-
tivariable analysis and the smooth curve fitting indicated that
when the peak E2 level was lower than 2185 pg/ml, the cLBR
increased by about 12% with every 100 pg/ml increase of the
peak E2 level. When the peak E2 was extremely high, the
cLBR was negatively associated with the level of peak E2
level. And, the peak E2 level had a negative impact on the
cLBR in patients with unexplained infertility diagnosis, but
not on the miscarriage rate or the preterm delivery rate in
general or subgroup populations.

The vast majority of the studies investigating the impact of
the peak E2 level on the clinical outcomes used the clinical
pregnancy rate as the main outcome measurement, which was
considered the second best one compared with the live birth
rate (LBR) as the efficacy indicator of IVF/ICSI. However,
there was only a small study of 71 hyperresponders suggesting
the negative association between the peak E2 level and the
LBR [9]. The result of our study also suggested a negative
relationship between the peak E2 level and the cLBR in over-
all population, although it failed to reach statistical signifi-
cance [OR (95%CI) 0.995 (0.982, 1.009), P = 0.486]. The
sample size of this study was much bigger, and interestingly,
the curve fitting suggested an obvious segmental rather than a
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linear pattern of the peak E2 level’s effect on the cLBR.
Specifically, when the peak E2 level was relatively low (<
2185 pg/ml), their association was positive, but the trend of
the effect changed when the peak E2 level increased to above
6361 pg/ml.

The positive association between the peak E2 level and the
cLBR in the first segment of the curve suggested the impor-
tance of the number of mature oocytes for the success of IVF/
ICSI. In women of childbearing age, E2 is primarily secreted
by the follicular granulosa cells in ovaries in a menstrual
cycle-dependent pattern [13]. In physiologic condition, it in-
creases with the process of follicular maturation and reaches
surge before ovulation. Therefore, serum peak E2 level was
closely associated with the oocyte yield in COH. Wei et al.
performed a retrospective study in 129 patients undergoing
IVF/ICSI who were divided into low peak E2 level group
(< 1005.89 pmol/L) and high peak E2 level group (>
1005.89 pmol/L), and then found higher clinical pregnancy
rate in the high peak E2 level group [6]. Siddhartha et al. also
reported that the favorable clinical pregnancy rate was obtain-
ed when the peak E2 level was high [7]. Eight-nine (69) cases
were included in their analysis and were divided into five

groups according to the peak E2 level from low to high (group
I < 1000 pg/mL, group II 1000–2000 pg/ml, group III 2000–
3000 pg/ml, group IV 3000–4000 pg/ml, and group V >
5000 pg/ml). The result showed that the highest oocyte yield
and highest clinical pregnancy rate were found in group V.
Another similar study divided 128 patients into 3 groups
based on the peak E2 level (group I < 1500 pg/mL, group II
1500–3000 pg/ml, and group III > 3500 pg/ml) and found that
the clinical pregnancy rate significantly increased along with
the increasing of the peak E2 level [14].

A plenty of studies reached the consistent conclusion with
ours, that there was a proper range of peak E2 level, within
which the optimal and stable clinical outcomes would be
achieved (2185–6361 pg/ml in the present study). For exam-
ple, Joo et al. concluded that in younger patients (< 38 years),
the optimal clinical pregnancy rate was achieved when the
peak E2 level was between 3000 and 4000 pg/mL, while in
older patients (> 38 years), the range of peak E2 level with
favorable clinical pregnancy rate decreased to 2000–3000 pg/
mL [15]. Mittal et al. analyzed the ratio of the peak E2 level to
the number of AFC (E/fol) on hCG trigger day, and the result
also found the existence of a proper range of E/fol ratio (200–

Table 3 Outcomes of
multivariable regression analysis
of the impact of peak E2 level on
hCG trigger day (100 pg/ml) on
cLBR, miscarriage rate, and
preterm birth rate

Outcomes Non-adjusted P Adjusted I P
OR (95%CI) OR (95%CI)

cLBR 1.001 (0.992, 1.011) 0.822 0.995 (0.982, 1.009) 0.288

Miscarriage rate 1.003 (0.986, 1.021) 0.708 0.996 (0.973, 1.020) 0.87

Preterm birth 1.012 (0.999, 1.025) 0.076 1.014 (0.997, 1.033) 0.153

The following factors were adjusted in model I: female age, BMI, infertility duration, infertility etiology, basal
FSH, basal E2, follicular count on hCG day (≥ 14 mm), total dose of Gn administered, stimulation protocol,
method of fertilization, basal AFC, development of transferred embryos, and fresh or frozen embryo transfer. The
general additive model was applied as the adjusted model II, in which all categorical variables were adjusted and
the continuous variables in Model I were adjusted by curve fitting

Fig. 1 The smooth curve fitting
results demonstrated a clear
positive association between
cLBR and the peak E2 level in the
first segment of the curve,
followed by a plateau, and a
negative trend afterwards
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299.99 pg/ml per follicle) with the best clinical pregnancy
rate.

Extremely high peak E2 level was detrimental to the out-
comes of IVF/ICSI in the general population in this study.
Although the P value was not significant, the effect value
was remarkable (the cLBR decreased by nearly 10% with
every 100 pg/ml increase of the peak E2), which was previ-
ously supported by Bu et al., who found the negative effect of
too high peak E2 level (the highest 10 percentile) on the clin-
ical pregnancy rate in population [8]. This negative associa-
tion was also supported by the result of the stratification anal-
ysis based on the follicular count on hCG trigger day
(Table 4). The cLBR significantly decreased with the increas-
ing of the peak E2 level in population with the highest one
third follicular count on hCG day, and the impact of the peak
E2 level on the cLBR in this population was intrinsically
different than in populations with fewer follicles on hCG
day (P for interaction = 0.016). Given that E2 is secreted by
the follicular granulosa cells, the follicular count on hCG trig-
ger day was closely associated with the level of peak E2 level.
But, the negative impact of high E2 level was only significant
when a patient’s ovaries over responded. Periera et al. reported
2.3 times higher odds of term LBW when the E2 level was >
3069.2 pg/ml in a study of 2939 live singleton births con-
ceived with fresh IVF-ET [16]. They further confirmed the
predictive value of peak E2 level on hCG trigger day for
LBW in singletons born after fresh embryo transfer in a retro-
spective cohort study involving 4071 normal responders [17].
A retrospective study conducted by Imudia et al. has shown
that E2 levels of > 3450 pg/ml increase the odds of LBW [18].
When comparing perinatal outcomes between frozen embryo
transfer cycles and fresh embryo cycles in randomized con-
trolled trials [19–22], the singleton pregnancies were observed
to have a higher mean birth weight and a lower incidence of
SGA in FET cycles; meanwhile, the lower E2 levels were
observed in the peri-implantation period of FET cycles, dem-
onstrating the negative correlation between maternal serum
E2 level and birth weight.

However, the explanation for the negative trend within the
last segment of the cLBR-E2 curve varies by subgroups of
fresh embryo transfer cycles versus FET cycles. In fresh em-
bryo transfer cycles, it has been proved that the high E2 level
during COH impaired the endometrial receptivity, through
mechanisms such as reduced endometrial blood flow [23,
24], the advanced transition [25], and the histopathologic
change [26, 27] of the endometrium. Endometrial gene ex-
pression was also altered by COH. A literature review sum-
marized the impact of the COH on the secretome of the endo-
metrium and suggested that the COH could induce the signif-
icant change of the endometrial secretome [28]. Ullah et al.
[29] found that the proteome of the endometrial cancer cell
line, Ishikawa cell, was altered when the cells were treated
with 10−7 M E2. Among the proteins, C13, plasminogen and

kininase-1, which are usually upregulated in the endometrial
epitheliums within the window of implantation (WOI) were
changed as confirmed by western blot. The findings had indi-
cated the impact of E2 on the endometrial receptivity.

Few studies explored the impact of superphysiologic E2 on
the clinical outcomes of IVF/ICSI in FETcycles. The negative
relationship between the peak E2 level and the cLBR in FET
cycles did not differ from that in the fresh embryo transfer
cycle (P for interaction was 0.216). Notably, when dividing
patients into three groups according to the peak E2 level from
low to high, the percentage of FET cycles was significantly
higher than that of fresh embryo transfer cycles in the highest
peak E2 level group (Table 1). The difference was speculated
that in clinical practice, the freeze-all strategy was preferred
when the peak serum E2 was very high in order to avoid the
OHSS. High serum E2 is known to be an important, though
not an independent, predictive factor of OHSS [30].
Coincidently, in this study, the trend of the latter segment of
the overall curve matched the curve fitted to only include FET
cycles (supplementary Fig. 1), suggesting that the negative
relationship in the latter segment of the overall curve was
mostly contributed by the FET cycles.

It was hypothesized that the unfavorable impact of the peak
E2 on the clinical outcomes in FET cycles was primarily be-
cause of the impact of the supraphysiologic E2 on the oocytes
during COH, and the oocytes were the only subjects ever
exposed to the supraphysiologic E2 milieu in the process of
the COH. Our previous study has revealed the negative impact
of the peak E2 level on birth weight of singletons born after
FET [31], suggesting that the influence of the peak E2 level on
the oocytes might be through epigenetic mechanisms so that
the influence could subsequently be passed on to the embryos
and their later implantation and development. Unfortunately,
few studies have explored the molecular changes in oocytes
generated byCOHwith the supraphysiologic E2 level. Tarumi
et al. found that culture with E2 delayed or inhibited oocyte
meiotic maturation, such as chromosome alignment on the
metaphase plate and extrusion of the first polar body, suggest-
ing that E2 induced abnormalities of follicular development
[32]. Imudia et al. found that serum E2 above the 90th per-
centile on the hCG trigger day was associated with a signifi-
cantly lower rate of normal fertilization (68.6 ± 20% vs. 71.6
± 21%, P = 0.02) when compared with patients with a lower
serum E2 threshold [3], indicating the detrimental influence of
high E2 on the fertilization potential of the oocytes.

The stratification multivariable analysis also suggested the
significant negative impact of peak E2 level on the cLBR in
population with unexplained infertility. The diagnosis of un-
explained infertility was made after excluding common causes
of infertility through semen analysis, assessment of ovulation,
endometriosis, and tubal patency test [33]. Unexplained infer-
tility includes several heterogeneous conditions, one being
age-related infertility [34]. Age is the best predictor for
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ovarian reserve and oocyte quality, as they decline steadily
from before birth until the menopause [35]. The mean age of
the 66 unexplained infertile patients in this cohort was signif-
icantly higher than that of the remaining patients with other
infertility factors (31.26 ± 3.73 years vs 29.88 ± 3.68 years,
P = 0.003). Moreover, the basal serum FSH (measured on
the menstrual day 3), which was historically screened for
ovarian reserve evaluation and which rises in reaction to de-
creased responsiveness of ovary [36], was significantly higher
in the unexplained infertile women in this cohort (8.24 ±
5.40 IU/L vs 7.13 ± 2.65 IU/L). Therefore, we postulated that
the ovarian reserve in these unexplained infertile patients de-
creased so that the oocytes with compromised quality might
be more sensitive to the detrimental effect of the elevated E2,
which could explain the significant negative relationship be-
tween cLBR and the peak E2 level in this subgroup. However,
more robust data are needed to confirm the conclusion.

Additionally, it was noticed that the supraphysiologic E2
was significantly associated with the elevated preterm birth
rate [OR (95%CI) 1.044 (1.010, 1.080), P = 0.012] in patients
one class 1 and one class 2 D3 embryos transferred (n = 274).
Further analysis showed significantly more twin births
(34.8%) in this subgroup when compared with patients trans-
ferred only grade 1 D3 embryos, only grade 2 D3 embryos,
and single blastocyst (34.1%, 26.4%, and 6.6%, P < 0.001).
While the macrosomia was not significantly different between
subgroups transferred embryos of different quality. Literatures
also suggested that the multiple pregnancy contributed most to
the high preterm delivery rate in IVF/ICSI [37, 38]. Hence, the
positive relationship between the preterm delivery and the
peak E2 level in subgroup patients transferred with mixed
quality embryos might be with considerable bias induced by
the high percentage of multiple pregnancy.

Further clinical studies investigating the impact of the peak
E2 level during COH on the clinical outcomes of IVF/ICSI
specifically in poor or high responders, as well as in fresh or
frozen embryo transfer cycles, are warranted to facilitate the
tailored treatment strategy for individual patients with differ-
ent subfertile background.

Conclusion

This retrospective cohort study concluded that the peak E2
level on hCG trigger day was associated with the cLBR in a
segmental pattern. The peak E2 level had negative impact on
the cLBR in patients with unexplained infertility diagnosis,
probably attributing to the impaired ovarian reserve and the
oocyte quality. The peak E2 level does not impact the miscar-
riage rate in general or subgroup populations with normal
ovarian reserve. The positive association between peak E2
level and the preterm delivery in patients being transferred
with mixed quality embryos should be interpreted with

caution because of the high multiple pregnancy percentage
in this subgroup.
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